An oil extracted from the leaves of a tropical shrub Ocimum suave was found to repel as well as kill all stages of the tick Rhipicephalus appendiculatus. In an in vitro bioassay for the larvae, the LCs0 of the oil in liquid paraffin was 0.024%. A 10% solution was found to kill all immatures and more than 70% of adults feeding on rabbits. Rabbits were protected for 5 days against attaching larvae using a 10% solution. Preliminary experiments undertaken with cattle kept in the field suggest that the oil may have potential in tick control, and a role in integrated tick management.
INTRODUCTION
The use of synthetic chemical acaricides is the main method of tick control in Africa. Problems associated with this include environmental pollution, development of resistant strains of ticks, and escalating costs of the imported acaricides (Dipeolu, 1991) . Annual importation costs have been estimated as US$ 6-10 million for Kenya (Chema, 1984) , US$ l0 million for Zambia (Pegram et al., 1988) and US$150 000 for Burundi (Niyonzema and Kiltz, 1986) . The overall loss in Africa due to ticks is estimated at US$ 720 million per year (Dipeolu, 1991) . It has, therefore, become necessary to look for alternative methods of tick control which are environmentally friendly, relatively cheap, and which directly involve farmers in tick management. On such alternative is to use active chemicals from natural sources such as plants, fungi and bacteria.
Plants which have been shown to have acaricidal constituents include tobacco, camphor, derris and turpentine which were in use before organized searches for insecticides began (Cremlyn, 1978) . Rotenoids from Derris eUiptica, Lonchocarpus laxiflorus and Tephrosia vogelii and pyrethrins from Chrysanthemum cinerariaefolium have also been studied for acaricidal properties (Cremlyn, 1978; Mathewson, MWANGI ETAL. 1984) . Simpkin and Galun (1983) showed that microencapsulation of pyrethrin protects it from sunlight and increases its persistence as a toxicant and repellent to ticks.
Avermectins from the actinomycete Streptomyces avermitilis have also been reported to have acaricidal properties (Burg et al., 1979) . In a recent study, a ground mixture of dried tobacco leaves and a mineral called "Magadi soda" from Kenya (Kupetaba) was found to kill and prevent the completion of all feeding phases of R. appendiculatus Neumann (Ixodidae) (Dipeolu and Ndungu, 1991) . The acaricidal constituents of a number of other plants still remain to be identified. These include plants of the genus Stylosanthes (Sutherst et al., 1982; Sutherst and Wilson, 1986; Sutherst et al., 1988) . Pasture grasses, Melinis minutiflora and Andropogon sp. have also been reported to be amical to ticks (Thompson et aL, 1978) , and the shrub Gyandropsis gynandra has been shown in Kenya to be repellent and toxic to ticks (Malonza et al., 1992) .
Ocimum suave Willd (Labiatae) is a shrub which is common in the upland forest areas of eastern African and has been used in folk medicine for stomach ache, cough and influenza, and traditionally as a perfume, a mosquito repellent and grain protectant (Chogo and Crank, 1981; Kokwaro, 1976; Watt and Breyer-Brandwijk, 1962) . The insect repellent property of the oil of O. suave has been recently confirmed (Chogo and Crank 1981; Hassanali et al., 1990) . In this study, we have now evaluated the oil obtained by hydrodistillation of the leaves against different stages of R. appendiculatus using in vitro and in vivo bioassays, and its effectiveness to protect cattle in the field against the tick. The results are presented in this paper.
MATERIALS AND METHODS
Ticks: Rhipicephalus appendiculatus was obtained from a laboratory strain kept at the ICIPE. Rabbits: New Zealand White rabbits were obtained from Sasamua Farm, Njoro, Kenya, and were maintained on commercial pellets and water. Plant materials: Details of plant collection, identification, isolation of the essential oil from the leaves by steam distillation and its chemical analysis by use of gas chromatographic analyses are already described (Hassanali et al., 1990) . Stone's Larval Packet Test (adopted by FAO, 1984) for in vitro testing of acaricides against tick larvae was used (Stone and Haydock, 1962) . Pieces of Whatman 541 filter paper measuring 8.5 x 7.5 cm were impregnated with 0.67 ml of solution of O. suave oil in liquid paraffin. Trichloro-ethylene (TCE) was used to disperse the chemical on the paper so that the ratio of liquid paraffin to TCE was 1 : 2. After the TCE had evaporated, the papers were folded into packets using metal clips and about 100 larvae put into each, and incubated at 28°C and 80% relative humidity for 24 hours, after which mortality was recorded. Control packets were impregnated with liquid paraffin and TCE only.
In vitro bioassay (the Larval Packet test)
In vivo bioassay (a) Larvae: Using cotton earbags, 100 larvae were fed on the right ear of each of nine rabbits. The larvae were sprayed (with 5 ml per ear) of 2% O. suave oil in liquid paraffin, on the second day of feeding. A similar number of ticks was fed on the left ears of the rabbits, which were sprayed with a similar amount of liquid paraffin. The experiment was repeated using 5% and 10% concentrations of the oil, and replicated 3 times.
(b) Nymphs: The above procedure was repeated using 100 nymphs for each rabbit ear.
(c) Adults: The above procedure was repeated using 30 males and 30 females for each rabbit ear.
All engorging ticks were counted. The fully fed instars were incubated at 28°C and 80% R.H. They were observed for moulting and fecundity.
Repellency bioassay
The repellency bioassay was done using two vertical aluminium rods measuring 24.5 cm in height and 0.5 cm in diameter standing on a metal (aluminium) base square measuring 14 cm by 14 cm. The rods were fixed on the square with 7 cm distance between them. Each rod was covered with a glass tube. During an assay, the apparatus was kept on a tray containing a shallow layer of water which served to deter the ticks from dispersing. A piece of Whatman paper measuring 4 cm by 1 cm, folded and stapled to make a ring, was impregnated with 1 ml of O. suave oil dissolved in hexane and placed on the glass covering about 12 cm from the bottom. On the control rod the paper ring was impregnated with 1 ml of hexane. Adult ticks of mixed sex and age (30) were placed on the metal base and allowed to climb up the glass covering. The top of the glass was plugged with wet cotton wool which served to retain ticks arriving at the top. Those climbing beyond the paper rings were recorded. The experiment was replicated 14 times, and compared to similar doses of DEET (Diethyl toluamide, a commercial insect and tick repellent).
Residual effect experiments
Using eight rabbits each for larvae, nymphs and adults, the oil was applied to the right ears on day 1 using a 10% concentration in liquid paraffin, while the left ears were controls where only liquid paraffin was applied. Rabbits were divided in four groups of two to correspond with tick applications on day 1, day 3, day 5, and day 7 from the day of application of the oil. The numbers of ticks developing to engorgement were counted. The experiment was replicated 3 times.
Field trials
Ten thousand unfed adult R. appendiculatus were seeded in a grass paddock measuring 50 x 25 metres one week before six zebu cattle were put in the paddock. Two concentrations of O. suave oil in vaseline were made namely, 5% and 20%. Each of these was applied on to the right ear of the test animal, while the left ear was used as control, smeared only with vaseline. The six animals were divided into three groups and treated with a 5% concentration of O. suave oil in vaseline as follows:
Number
The experiment was repeated 3 times using the same animals for the 5% concentration. All ticks attaching on the ears were counted and removed from day 1 to day 7 after the animals were put in the paddock. The whole experiment was repeated using a fresh group of six animals but using a 20% concentration of O. suave oil in vaseline. The original number of ticks seeded in the grass served through all the experiments. Environmental factors, namely daily minimum and maximum temperatures, and rainfall were monitored.
Analysis of data
The data were analysed by ANOVA to establish whether there were significant differences between the means of experiment and control groups and also between the various treatments. The percentage data was transformed by arcsin to normalize the data. Mean comparisons of transformed data were performed by use of least square difference (LSD) at the 5% level. Table 1 shows the percent mortality of larvae when exposed to various concentrations of O. suave oil in liquid paraffin in the larval packet test (in vitro bioassay. The LC5o was found to be 0.024% and was calculated by extrapolation when the results were plotted on probit graph (logarithmic graph). Concentrations of 0.2% and higher killed all the larvae.
RESULTS
In the experiments to investigate the effect of the extract on ticks feeding on rabbits, the 2% concentration killed 95% of larvae but was relatively ineffective against nymphs and adults. The 5% and 10% concentrations were highly effective against larvae and nymphs (Table 2 ). All the treated larvae and nymphs which fed to engorgement moulted normally, while the fecundity of the engorging females was normal compared to that of the controls. The O. suave oil was found to be highly repellent to adults ticks in the laboratory. There was no significant difference between repellency levels of the oil and DEET at doses tested (p < 0.05) ( Table 3) .
In the residual effect experiment conducted on rabbits held in cages kept indoors, the oil protected rabbits from larvae for a period of 5 days while protection with a 10% concentration against nymphs and adults lasted only 3 days (Table 4) .
In the field experiments, the numbers of ticks attaching on cattle ears ranged from 36 to 420 in the experimental ears and 44 to 620 on the control ears. The reduction of tick attachment on treated cattle ears by 5% and 20% concentration of O. suave is shown in Table 5 . Three applications per week of the 5% concentration protected the animals by 30% while three applications of the 20% concentration prevented attachment by about 68%. No harmful side effects of the oil on the skin of the animals was noticed. The mean maximum temperature for the period of study was 27°C while the mean minimum temperature was 14°C. There was no rain recorded during the experiment.
DISCUSSION
The oil of O. suave was found to kill all stages ofR. appendiculatus and is, therefore, a good candidate as a natural acaricide. In the in vitro bioassay, which is the method accepted worldwide for testing the efficacy of new acaricides and adopted by FAO, the LC~0 was 0.024%. This compares well with conventional acaricides, such as chlorfenvinphos (Supona) (LCs0 0.021%), coumaphos (Asuntol) (LCs0 0.039%), dioxathion (Delnav) (0.12%) and oxinothiophos (Bacdip) (LCs0 0.072%) on a susceptible strain (YeroongpiUy) ofBoophilus microplus larvae (FAO, 1984) . The oil of O. suave was also found to be a potent tick repellent comparable to the commercial arthropod repellent N,N-diethyltoluamide (DEET). This double action may confer a specific advantage to the oil in tick management compared to chemicals which are either repellents or acaricides.
In the in vivo assay, a 10% solution of O. suave oil was found to be effective against all instars, and a 5% solution against the immatures. These concentrations are much higher than those recommended for other commercial synthetic acaricides currently on the market. This may be due to the volatile nature of the oil and a better formulation which controls its rate of vaporization and could lower the effective dose. Moreover, since its effectiveness in cattle against adult ticks appeared to be considerably lower compared to that on rabbits, the oil may also a Calculated from the formula (C-T)/8C+T) x 100 where C represents the number of ticks that crossed the control paper strip and T represents the number that crosses the treated paper strip. be affected by strong sunlight or wind. Thus improvement of the formulation may also need to address ways of reducing the effect of UV light, such as microencapsulation of the oil to protect the active ingredients. The oil might also be more useful for semi zero grazed animals which spend most of their time in the shade. The fact that no harmful side effects were noticed in the animals despite using concentrations as high as 10% is an added advantage. The formulation used in the in vivo tests in this work would be suitable for hand application or hand spraying but not for plunge dips and would, therefore, only be useful for farmers with few cattle. This would be suitable to most African poor farmers. A different formulation would have to be developed for plunge dip use. since the O. suave oil was found to have a residual effect of three days for adults, it would be effective if used twice a week, and has the advantage of working as a repellent as well as an acaricide.
The O. suave plant grows naturally in the wild. Production of the repellent acaricide could be achieved by harvesting the plant which grows in the wild, or alternatively, the plant could be cultivated on a large scale by farmers and supplied to a steam distillery where it could then be formulated appropriately before distribution.
